A novel Gram-stain-negative, motile, rod-shaped bacterium, designated strain 102-Py4
The genus Zobellella, belonging to the family Aeromonadaceae, was first proposed by Lin and Shieh [1] to accommodate two novel species, Zobellella denitrificans and Zobellella taiwanensis. Since then, Zobellella aerophila has been isolated from a seashore sand and the description of the genus has been emended [2] . At the time of writing, the genus Zobellella thus contains three species with validly published names. The common characteristics of the genus Zobellella are facultatively anaerobic or strictly aerobic, Gram-stain-negative bacteria with NaCl requirement for growth or for growth stimulation. The genus Zobellella has phosphatidylethanolamine and phosphatidylglycerol as major polar lipids, summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c), summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c) and C 16 : 0 as major cellular fatty acids, and DNA G+C contents ranging from 59.0 to 64.0 mol%.
Polycyclic aromatic hydrocarbons (PAHs) are organic pollutants of great environmental concern due to their high hydrophobicity, persistence, toxicity, mutagenicity and carcinogenicity [3, 4] . PAH-degrading bacteria have increasingly been isolated from marine habitats [5] [6] [7] [8] .
Recently, we reported some PAH-degrading bacteria from oil-contaminated environments [9] . In this study, one novel PAH-degrading bacteria, strain 102-Py4 T , was isolated from beach sediment contaminated by crude oil and its taxonomic properties were characterized using a polyphasic approach.
During an investigation into PAH-degrading bacteria from beach sediment contaminated by crude oil, strain 102-Py4
T was isolated according to the following procedures. A beach sediment sample was collected (depth: 10 cm) from Sinduri beach in Taean Genomic DNA extraction, and amplification of the 16S rRNA gene and its sequencing were performed as described by Lee and Lee [10] . The 16S rRNA gene was amplified by PCR using the universal primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢) [11] . Multiple alignments of sequences were performed using CLUSTAL X [12] . Phylogenetic analyses were performed by using the DNAML, NEIGHBOUR and DNAPARS programs contained within the PHYLIP package [13] . A phylogenetic tree was reconstructed by using the neighbour-joining method [14] . Evolutionary distances were calculated using Kimura's two-parameter model [15] . The topology of the tree was assessed by performing bootstrap analysis with 1000 replicated neighbour-joining datasets [16] . An almostcomplete 16S rRNA gene sequence (1450 bp) of strain 102-Py4 T determined in this study was compared with those of representatives of the genera Aeromonas, Oceanimonas, Oceanisphaera, Zobellella and other members of the family Aeromonadaceae. The 16S rRNA gene sequence tree ( Fig. 1) showed that strain 102-Py4
T clustered together with Z. aerophila and fell within the clade formed by recognized species of the genus Zobellella. This relationship was supported by a high bootstrap value of 74 % and was also found in trees obtained by using the maximum-likelihood [17] and maximum-parsimony [18] algorithms. The 16S rRNA gene sequence similarity values for strain 102-Py4
T with respect to the type strains of the recognized Zobellella species were as follows: Z. aerophila JC2671 T (98.1 %), Z. denitrificans ZD1 T (96.4 %) and Z. taiwanensis ZT1 T (96.0 %). A draft genome of strain 102-Py4
T was sequenced using the Illumina MiSeq platform. We obtained reads from the paired-end sequencing of a genomic library, with an average insert size of 500 bp. We trimmed the low-quality reads with a quality threshold of Q30. The filtered reads were de novo assembled using the SPAdes assembler [19] ; the resultant assembly consisted of 28 scaffolds with a total length of 3 936 921 bp. The maximum scaffold length was 2 563 810 bp, and the N50 of the assembly scaffolds was 2 563 810 bp. The draft genome sequence was deposited at DDBJ/ENA/GenBank (accession no. QCZE00000000).
The new isolate was grown on MA and incubated for 5 days at 28
C. Anaerobic growth was tested using the GasPak EZ Anaerobe Pouch System (BD) according to the manufacturer's instructions. Cell morphology and motility were observed by using an Olympus light microscope equipped with phase contrast optics (magnification Â400), with cultures grown in marine broth (Difco) for 6, 15, 24 and 48 h at 28 C. The presence of flagella was checked by using an energy-filtering transmission electron microscope (Carl Zeiss), for which the cells were negatively stained with 1 % (w/v) phosphotungstic acid. Colonial morphology was observed visually and recorded using 5-day-old cultures on MA at 28 C. The temperature for growth was tested on MA at 4, 15, 20, 25, 28, 30, 37, 40, 42 and 45 C for 5 days. The pH for growth was assessed on MA at 28 C for 5 days, which had been adjusted to an initial pH of 4.0-12.0 at intervals of 1.0 pH unit. The pH of the medium was adjusted before sterilization using 10 mM MES (pH 4.0-6.0) or 10 mM Trizma (pH 7.0-12.0) as biological buffers and confirmed with a pH test paper after sterilization. NaCl tolerance during growth was determined on distilled water substituted marine broth supplemented with 0-15 % (w/v) NaCl (at intervals of 1 %, w/v).
Growth under anaerobic conditions was assessed using anaerobically prepared MA in the GasPak EZ Anaerobe Pouch System. Facultative anaerobic growth in the presence of KNO 3 . Two denitrifying bacterial strains, Z. denitrificans ZD1 T and Z. taiwanensis ZT1 T , were capable of facultative anaerobic growth in the presence of KNO 3 , whereas Z. aerophila JC2671 T and strain 102-Py4 T were not, because they only reduced nitrate to nitrite. The Gram-reaction, oxidase and catalase activities, utilization of carbohydrates and decomposition of hypoxanthine, DLtyrosine and xanthine were determined as described previously [20] . Respiratory activity in the presence of a carbon substrate was tested by using GN2 MicroPlates of the Microlog system (Biolog) according to the manufacturer's recommendations. Other physiological and biochemical properties were tested with API 20NE and API ZYM strips (bioM erieux), according to the manufacturer's instructions. Characteristics of strain 102-Py4 T and the reference strains including colony colour, growth at 4 C, NaCl tolerance, enzyme activities and carbon source utilization are given in Table 1 , Figs S1 and S2 (available in the online version of this article) and the species description.
0.01
Oceanisphaera arctica V1-41 T (FN377705)
Oceanisphaera litoralis DSM 15406 T (AJ550470)

Oceanisphaera donghaensis BL1 T (DQ190441)
Oceanisphaera sediminis TW92 T (HQ171441)
Oceanisphaera psychrotolerans LAM-WHM-ZC T (KF418814)
Oceanisphaera ostreae T-w6 T (HQ340607)
Oceanisphaera profunda SM1222 T (KF591598)
Oceanisphaera marina YM319 T (KX675452)
Zobellella aerophila JC2671 T (HM475140)
Zobellella maritima 102-Py4 T (MG456893)
Zobellella denitrificans ZD1 T (DQ195675)
Zobellella taiwanensis ZT1 T (DQ195676)
Oceanimonas doudoroffii MBIC1298 T (AB019390)
Oceanimonas baumannii GB6 T (AF168367)
Oceanimonas smirnovii 31-13 T (AY538714)
Aeromonas allosaccharophila CECT 4199 T (S39232)
Aeromonas lacus AE122 T (HG970953)
Aeromonas jandaei ATCC 49568 T (X60413)
Aeromonas schubertii ATCC 43700 T (X60416)
Aeromonas hydrophila subsp. dhakensis LMG 19562 T (AJ508765)
Aeromonas dhakensis LMG 19562 T (AJ508765)
Aeromonas piscicola CECT 7443 T (HQ832417)
Aeromonas sobria NCIMB 12065 T (X60412)
Pseudaeromonas sharmana GPTSA-6 T (DQ013306) T (AY682202) served as an outgroup (not shown). Filled circles indicate that the corresponding nodes were also recovered in trees generated with the maximum-likelihood [17] and maximum-parsimony [18] Chemotaxonomic characteristics were investigated as described by Lee and Lee [10] , with cell biomass obtained from cultures grown in marine broth (Difco) for 5 days at 28 C. The purified DNA was hydrolysed with P1 nuclease and the nucleotides were dephosphorylated with alkaline phosphatase. The DNA G+C content of strain 102-Py4 T was analysed by HPLC [21] and the values were determined by using the following formula: G+C mol%=[(1+dT/dC) À1 Â100+(1+dA/dG) À1 Â100]/2. The DNA G+C content was 62.1 mol%, which within the range reported for members of the genus Zobellella (59.0-64.0 mol%).
Analysis of polar lipids was performed by TLC as described previously [22] . The polar lipids of strain 102-Py4 T included phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and two unidentified amino lipids (AL) (Fig. S2) , which are consistent with results found for the genus Zobellella [2] . In this study, the polar lipid profiles of strain 102-Py4 T and Z. aerophila JC2671 T commonly contained PE, PG and AL, while Z. aerophila JC2671 T , Z. denitrificans ZD1 T and Z. taiwanensis ZT1 T contained additional unidentified lipids.
For fatty acid analysis, strain 102-Py4
T and the reference strains were grown on MA for 3 days at 28 C. Cellular fatty acid methyl esters were prepared and analysed by GC (7890A, GC system; Agilent Technologies) using the standard protocol for the MIDI system (Sherlock Microbial Identification System, version 6.0 B). The fatty acids were identified using the Aerobe TSBA library according to the manufacturer's instructions. The major fatty acids were summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c; 29.5 %), C 12 : 0 (16.7 %), summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c; 16.3 %) and C 16 : 0 (9.8 %). The . API ZYM, API 20NE and GN2 MicroPlates data for all strains were obtained from this study under the same experimental conditions. PE, phosphatidylethanolamine; PG, phosphatidylglycerol; AL, unidentified amino lipid; L, unidentified lipid. +, Positive; À, negative; W, weakly positive reaction. 
DNA G+C content (mol%) 62.1 59.0* 64.0 † 62.0 † cellular fatty acid profiles of strain 102-Py4 T and three type strains of the genus Zobellella are given in Table 2 . Comparison of the cellular fatty acid profiles of strain 102-Py4
T and related species indicated that they contained a similar composition of major fatty acids.
Extraction and purification of genomic DNA for DNA-DNA hybridization experiments were as described previously [10] . DNA-DNA hybridization was performed using photobiotin-labelled DNA probes and microwell plates, as described previously [23] with modifications [24] . The DNA-DNA relatedness value between strain 102-Py4 T and Z. aerophila JC2671 T was 12.4±1.3 %, lower than the threshold value of 70 % used as a criterion recommended for the definition of a bacterial species [25] .
On the basis of the phenotypic features, polar lipid profile, and phylogenetic and DNA-DNA hybridization analyses presented, strain 102-Py4
T is considered to represent a novel species of the genus Zobellella, for which the name Zobellella maritima sp. nov. is proposed. 
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